The morphogenesis of a cytopathic bovine rotavirus isolate was examined in MDBK cells. Distension of cisternae of the rough endoplasmic reticulum was seen 14 h post-infection (p.i.), but few virus particles were present. Many virus particles were observed within distended cisternae of the endoplasmic reticulum 22 h p.i., and matrices of viroplasm were found close to developing virus particles. The virus particles measured 68 to 72 nm in diam. and consisted of an electron-dense nucleoid surrounded by a single less electron-dense shell. In contrast, many of the virus particles observed 54 h p.i. possessed an additional, outer, electron-dense shell. These double-shelled particles were 76 to 82 nm in diam. and acquired the outer shell by a budding process. Virus was released from the cell by discharge through breaks in the plasma membranes of damaged cells.
Viruses resembling reoviruses and orbiviruses have been associated with neonatal diarrhoea in a variety of animal species (Anon. I975). The names rotavirus (Flewett et al. 1974) and duovirus (Davidson et al. I975) have been suggested for this group of viruses; rotavirus will be used in this paper. Attempts to characterize these viruses further have been hindered by the difficulty in adapting them to grow in cell cultures. We have been successful in isolating a cytopathic bovine rotavirus in bovine kidney cells, and in this paper we describe features of its morphogenesis in Madin-Darby bovine kidney (MDBK; American type culture collection number 22) cells.
The virus was isolated in secondary calf kidney cultures from the faeces of a calf with diarrhoea. After 4 passages in secondary calf kidney cells the virus was adapted to grow in MDBK cells (McNulty, Allan & McFerran, I976) . Virus used in this study was from the 5th passage in MDBK cells. MDBK cells were grown in Eagle's (BHK) medium (Wellcome Laboratories) containing Io 70 lamb serum. For maintenance the concentration of serum was decreased to 2 70. Confluent monolayers of MDBK cells were inoculated with calf rotavirus at an m.o.i, of approx. 0"5 TCDs0/cell. This was adsorbed to the cells for z h at 4 °C. The monolayers were then washed twice with maintenance medium to remove unadsorbed virus. Cultures were re-fed with maintenance medium and incubated at 37 °C on a roller apparatus. Post-infection intervals were measured from the time of transfer to 37 °C. At the appropriate times, cells were scraped from the glass and fixed for z h at 4 °C in 4 ~o glutaraldehyde. Post-fixation was in I ~ osmium tetroxide for 2 h at room temperature. Dehydration was performed in a graded series of alcohol, and cells were embedded in Araldite. Ultrathin sections were stained with uranyl acetate and lead citrate.
The isolate of calf rotavirus used in this study routinely grows to titres of only about Io 4 TCD~0 in MDBK cells. It was therefore not feasible to infect the cells at a high m.o.i., so that we were unable to determine how the virus enters the cell. Under the conditions employed, a c.p.e, was readily demonstrable 24 h after infection. This progressed slowly and
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at 54 h p.i. approx. 50 ~ of the cells had detached from the glass. Complete c.p.e, was observed about 72 h p.i., when less than IO ~ of the cells remained on the glass.
Cisternae of the rough endoplasmic reticulum were distended 14 h p.i., but few virus particles were seen. Many virus particles were observed in the cytoplasm of cells harvested 2z h p.i. (Fig. I a, b ). They were located predominantly within distended cisternae of the endoplasmic reticulum and measured 68 to 72 nm in diam. In some particles an electrondense nucleoid, 32 to 36 nm in diam., was visualized within the less dense outer coat (Fig.  I b) . These 68 to 72 nm single-shelled particles probably correspond to the 60 nm singleshelled virus particles described by Holmes et al. (1975) in negatively-stained preparations. Matrices of electron-dense, granular or finely fibrillar material were often present near clusters of virus particles (Fig. I a) . This material was not membrane-bound and probably represented virus precursor material or viroplasm as it sometimes appeared to condense, resulting in formation of virus particles (Fig. I e) . No other ultrastructural changes were seen in cells harvested at this time.
In contrast, 54 h p.i., marked ultrastructural changes were present in many cells. Rarefaction of the cytoplasm was fiequently observed and in many cases normal cytoplasmic structures such as mitochondria were not recognizable. Discontinuities in the plasma membrane were common, allowing virus particles to escape from the cell (Fig. I d) . Virus particles were no longer confined within cisternae of the endoplasmic reticulum but were also found scattered through the cytoplasm. Furthermore, they differed in appearance from the particles seen x 4 and 22 h p.i. in that many possessed an additional outer electron-dense shell (Fig. I e) . This shell was apparently acquired in some instances by budding through the rough endoplasmic reticulum (Fig. I e) . In addition, single-shelled particles within the cisternae were observed budding through strands of electron-dense material (Fig. I c) . Particles with this additional shell measured 76 to 82 nm in diam., and presumably correspond to the 70 to 75 nm double-shelled particles described in negatively-stained preparations of the virus (Holmes et al. I975) . Virus particles did not form crystalline arrays. Margination of chromatin and decreased density of interchromatic material were occasionally observed in nuclei of infected cells, but virus was never present in the nucleus. Microtubules similar to those described in mouse intestinal cells infected with EDIM virus (Banfield, Kasnic & Blackwell, I968) were not observed in the cytoplasm or nucleus at any stage of infection.
The ultrastructural development of the Northern Ireland isolate of the calf rotavirus is basically similar to that described for in vivo infections with the calf ( Table I , as they are morphologically similar (Els & Lecatsas, J 97z) and antigenically related (Kapikian et al. 1975 ) to the rotaviruses.
As a group, the rotaviruses have in common the location of virus within cisternae of the endoplasmic reticulum and the formation of viroplasm or viral precursor material in the cytoplasm of infected cells. The virus particles do not form crystalline arrays, and two types of virus particle, namely a double-shelled particle and a smaller single-shelled particle, have been described in most studies. Stair et al. (I973) did not observe double-shelled particles in their study on the calf rotavirus, and they are the only workers to describe membranebound viroplasm. The possible significance of variations in the sizes of the viruses in the different studies must remain an open question until these studies are repeated under identical conditions. The formation of tubular structures in the nucleus and/or cytoplasm in response to virus infection is not a constant feature of rotavirus morphogenesis, as it has been described in only one instance (Banfield et al. 1968) . By the above criteria, the S.A. I I virus appears to be closely related to the rotavirus group, whereas the O agent does not. . I968) , undergo a budding process to form double-shelled or enveloped particles, but this has not been described for reoviruses. On morphogenetic criteria, rotaviruses therefore appear to be more closely related to the orbiviruses than to the reoviruses. 
Comparison of features of morphogenesis of rotaviruses and related viruses

It has been proposed that the rotaviruses be included as a new group in the family
